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ABSTRACT 
This study investigated the impacts of shrunken-2 (sh2) endosperm mutation on sweet 
com embryogenesis and germination acquisition during seed development and maturation. 
Comparison between three pairs of sh2 and sugary {su) isogenic inbred lines and two dent 
com inbreds showed that sh2 not only reduced the endosperm reserve accumulation, but 
also significantly retarded embryo development, especially during early seed development, 
resulting in a smaller embryo after maturation. Developing seed of sh2 lines acquired the 
same germinability at least 10 days later than su and dent com seeds. During the late 
maturation stage, the germinability of sh2 seeds tended to decline but su and field com 
inbred seeds remained unchanged. Microscopic observations indicate that sh2 seed exhibits 
impaired starch grain deposition in scutellar and axis tissue. Because the sh2 gene is only 
expressed in endosperm, the adverse effects of sh2 on embryo development may be 
attributed to the complex interactions between endosperm and embryo during seed 
development. In addition, sh2 seeds tended to accumulate substantial amounts of toxic 
carbohydrate byproducts, i.e., ethanol and lactate, which might be detrimental to embryo 
growth when germinating under cold and wet conditions. Research efforts also included 
film coating technology and chemical application to the parent plants in an attempt to 
improve sh2 seed and seedling vigor. This study revealed that film coating may be used as 
the delivery system for "growth additives" to improve seed germination and seedling 
growth under cold germination conditions. Incorporation of 0.1 PPM growth regulator 
V 
24-e/7/brassinoIide or 500 PPM ZnS04.7H20 into a film coating significantly increased cold 
test seed germination and seedling growth of sh2 inbreds WH9261 and WH2. The results 
of field trials over three years revealed that the response of seed germination and 
subsequent seedling growth to specific chemical application to sh2 parent plants is complex 
and could be effected by genotype, the formulation (with/without fimgicide), application 
timing, and dose. Application of certain growth retardants, including flurprimidol, SS3307, 
or a combination of NAA and B9, to parent plants during seed maturation showed potential 
in improving seed and seedling vigor for sh2 inbred WH2. 
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CHAPTER 1. INTRODUCTION 
Significance and Objectives 
The use of sweet com cultivars with the mutant endospemi gene shrunken-2 (sh2) has 
increased dramatically in the world in recent years because its kernels have high endosperm 
sugar concentration at typical harvest maturity. However, sh2 com often exhibits poor 
germination and inconsistent stand establishment, especially in cold and wet soils. The poor 
seed vigor of sh2 mutant has been attributed to various factors including high susceptibility 
to seed- and soil-bome diseases, insufficient mobilization of limited endosperm reserves, 
imbibitional damage, and solute leakage. It is well documented that the sh2 gene is only 
expressed in the endosperm. However, there are limited but conflicting reports on the 
impacts of sh2 endosperm mutation on embryo function. Understanding embryo 
development in the sh2 cultivar should help us better clarify the physiological basis of its 
poor seed vigor and develop or refine seed production technology to improve the seed 
quality. 
In order to improve seed vigor m sh2 com, enormous research effort has been devoted 
to breeding, seed production refinements, and developing various seed treatment methods. 
The following seed treatments were reported to be experimentally effective in improving 
sh2 com seed germination and seedling growth: fungicide treatment, hydration, 
biopriming, osmotic priming, and solid matrix priming. Fungicide seed treatment has 
become a necessary treatment procedure in the sweet com seed industry, while most of the 
other treatment methods have not been applied commercially. 
The objectives of this study were to (i) investigate the impact of the sh2 endosperm 
mutation on embryo development and germination acquisition during seed development and 
maturation by using three pairs of isogenic lines of sh2 and su and two common dent com 
mbreds; and (ii) explore the use of various plant growth regulators (PGRs) and other 
beneficial chemicals to improve sh2 seed germination and stand establishment. In this 
research, two different approaches of delivering PGRs and other growth promotive 
chemicals have been evaluated: polymer film coating of seed after harvest and foliar 
application of PRGs to parent plants before seed harvest. 
Literature Review 
Sweet com is one of the most popular vegetables in the U.S. and Canada, and 
consumption is rapidly increasing in eastern Asia and parts of Europe. Sweet com is 
popular as both a fresh market and processed vegetable in the U.S.. Among processing 
vegetables, the farm value of sweet com is approximately $251 million, exceeded only by 
tomatoes. The farm value of sweet com for firesh market is approximately $392 million 
and ranks fifth among vegetables produced for fresh market consimiption (USDA, 1996). 
Although any type of com that is consumed in the immature stage is often called sweet 
com, nearly all commercial sweet com is based on one or more simple recessive alleles 
that alter the carbohydrate content of the endosperm. Starch composes approximately 70% 
of the dry weight of the normal maize kemel and is, therefore, the major component of the 
seed weight. The sweet com mutants can be divided into two classes. The class 1 mutants, 
brittle-1 {bt), brittle-2 (Jbt2), shrunken-1 (shl). shrunken-2 (sh2), and shrunken-4 (sh4) 
accumulate sugars at the expense of starch and phytoglycogen and have greatly decreased 
total carbohydrates at the mature seed stage (Boyer and Shannon, 1983; Nelson, 1980). At 
the normal sweet com harvest stage of 18-22 days after pollination, these mutants have 4 to 
8 times the total sugar foimd in nonmutant com. Class two mutants, amylase extender (ae), 
dull (du). sugary-2(su-2), and waxy (wx), alter the types and amounts of starch produced 
and generally result in slightly less starch in the endosperm than nonmutant types. They 
result in smaller increases in total sugar content at 21 days after pollination relative to class 
1 mutants and are not acceptable for use in sweet com improvement when used alone. The 
mutant sugary 1 {su) does not fit into either of the two classes. It does not contain very 
high levels of sugar but instead results in greatly increased levels of water soluble 
polysaccharides (WSP). Its biochemical mode of action has been recently shown to be a 
mutation of a starch debranching enzyme (James et al., 1995). 
Traditionally, com with the endosperm mutant gene sugary 1 (su) had been used as the 
major commercial sweet com since the Pre-Columbian period in America (Tracy, 1994). 
Until the mid-1980's, over 99% of the sweet com acreage in the U.S. and internationally 
was planted with genotypes that were homozygous for the maize endosperm mutation, sul. 
Currently, at least seven other genes that affect endosperm carbohydrate synthesis are being 
used, either singly or in combination, in commercial sweet com varieties. The most widely 
used of these genes is sh2, which accounted for about 40% of the total sweet com in the 
U.S. in the mid-1990s (Juvik, 1995). The following discussion will focus on the genetic 
and biochemical background of sh2 mutant in sweet com. 
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Genetics and biocbpmistrv of sh2 sweet com 
Shrunken usually refers to the endosperm mutant that has inflated, transparent, sweet 
kernels. The kernels collapse on drying, becoming angular and brittle after drying. 
Hutchinson (1921) first reported a mutant with such a phenotype and named it shrunken-1 
(shl). The shl mutant is known to be deficient in sucrose synthase-1 (Chourey and Nelson, 
1976), which is the endosperm specific or inducible form of sucrose synthase (Chourey et 
al., 1986; Springer et al., 1986). Another mutant with a phenotype somewhat similar to shl 
was reported by Bumham (1944), which has a distinct allele (Main, 1949). This gene was 
named shrunken-2 (sh2). Laughnan (1953) studied the effects of the sh2 gene on the 
carbohydrate reserves in maize endosperm. He found that sh2 endosperm stored less starch 
than normal types and exhibited approximately ten-fold increases in total soluble sugars 
over normal types, most of this increase being sucrose. Later, brittle-2 {bt2), a mutant 
with its locus on chromosome 4, was found to have phenotype similar to sh2 (Bumham et 
al., 1974). 
Because of the potential commercial value of sh2 in sweet com production, the mutant 
has been the subject of much research. The mutation sh2 is a recessive gene (Mains, 1949). 
Judged by appearance, the normal allele is completely dominant to sh2, Sh2 Sh2 sh2 and 
Sh2 sh sh endosperms being indistinguishable from normal {Sh2 Sh2 Sh2). The gene sh2 is 
closely linked with the al factor for aleurone color, which is in chromosome 3 (Mains, 
1948). No dosage effects were produced by the allele sh2 for fhictose and glucose sugars 
and starch content of the endosperm (Holder et al., 1974). 
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During the past forty years, the effect of the sh2 factor on carbohydrate reserves in the 
maize endosperm has been well studied. Laughnan (1953) reported that the sh2 gene on 
chromosome 3 imposed a genetic block in the conversion of sucrose to WSP, resulting in 
an accumulation of sucrose. The mutation sh2 reduced the amount of starch produced in the 
endosperm to about 30% of the normal level, concomitant with a dramatic increase in total 
sugar (mainly sucrose). Furthermore, sh2 mutants can maintain high levels of sucrose and 
other soluble sugars after 96 hours of storage at 4 C. 
Tsai and Nelson (1966) first reported that both sh2 and bt2 mutants contain no 
detectable ADP-glucose pyrophosphorylase in the endosperm and embryo. The study of 
Vidra and Loerch (1968) also indicated a lack of ADPG-glucose pyrophosphorylase in sh2 
seed. This enzyme (ATP: a-D-glucose-1-phosphate adenyltransferase EC 2.1.1.11) 
catalyzes the reversible synthesis of ADP-glucose and pyrophosphate from ATP and 
glucose-1-phosphate. It may represent one of the main regulatory steps in the biosynthesis 
of starch in plants (Preiss, 1982) and glycogen in bacteria (Preiss, 1984). Since the 
mutations in maize seeds resulted in the accvunulation of only 25 % of the starch found in 
the normal endosperm, the results of these studies strongly suggested that the major route 
of starch synthesis in maize seed occurred via the ADP-glucose pyrophosphorylase 
reaction. By using a sensitive isotopic enzyme assay method, Dickison and Preiss (1969a) 
detected the activity of ADP-glucose in relatively low amounts in the embryos and 
endosperm of sh2 and bt2 mutant maize seeds. The total enzyme activity in sh2 endosperm 
was about 7% of that found in starchy maize seeds. The study of Dickison and Preiss 
(1969a) also suggested that the mutation in sh2 affects only the enzyme activity in the 
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endosperm but not in the embryo. Further biochemical observations show the endosperm to 
contain a different form of pyrophosphorylase than does the embryo (Preiss et al., 1971; 
Hannah and Nelson, 1976) or the chloroplast (Fuchs, 1977). Dorhlert and Kuo (1994) used 
near-isogenic lines to study the impacts of endosperm mutant genes on sugar metabolism. 
They found that ADP-glucose pyrophosphorylase activity was lower in sh2 kernel, but the 
activities of the other 13 sugar metabolism enzymes were close to the isogenic normal 
lines. 
The sh2 gene has recently been identified and characterized at the molecular level 
(Bhave et al., 1990). ADP-glucose pyrophosphorylase is a heterotetramer with subunits 
belonging to two different size classes (Plaxton and Preiss, 1987; Barton, 1986). The 
classically defined, starch defective locus Sh2 encodes a strucmral gene for one of the 
subunits of the starch synthetic enzyme ADP-glucose pyrophosphorylase of the maize 
endosperm (Bhave et al., 1990). Bt2 encodes the structure of another subunit of the same 
enzyme (Bae and Hannah, 1990). The two subunits of the plant ADP-glucose 
pyrophosphorylase share similarity at the peptide level and may arise from a common 
progenitor. The sequence divergence between the loci of sh2 and bt2 occurs to the point 
where they no longer fimction as duplicate loci but rather as complementary genes. 
The mutation sh2 does not only significantly alter the carbohydrate synthesis in maize 
endosperm (Creech, 1965; Holder et al., 1974a; Holder et al., 1974b), but also affects the 
accumulation of other reserves in the kernel. Laughnan (1953) reported that bodi sh2 and 
su seeds have a higher than normal content of lipids. This increase in lipids occurs 
primarily in the endosperm rather than in the embryo. The study of Misra and Mertz 
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(1975) indicated that as compared to their isogenic normal counterparts, sh2 and seven 
other endosperm mutants have higher concentrations of albumins, globulin, and glutelin, 
and lower concentrations of zein. Harris and DeManson (1989) reported that sh2 cultivar 
"Illini Xtra Sweet" has reduced total protein both in the endosperm and embryo as 
compared to another dent com cultivar "Funks G4646" seeds. There were no reports on 
the carbohydrate reserves in the sh2 mutant embryo. 
Seed quality concerns of sh2 sweet corn 
The sh2 cultivars have 1.5 to 3 times more sucrose at typical harvest maturity when 
compared with conventional sul sweet com (Creech, 1965), retain higher sugar and kernel 
moisture content for longer postharvest periods (Garwood et al., 1976), and are preferred 
by consumers in taste tests (Evensen and Boyer, 1986; Azanza et al., 1994). Thus, the sh2 
genotypes provide the industry with sweet com of superior quality and consumer appeal, 
longer transport, and process time. But commercial acceptance and widespread use of sh2 
hybrids has been hindered by inferior seed quality, reduced emergence, poor seedling 
vigor, and erratic stand uniformity, especially in cold (less dian 15 C) soils (Andrew, 1982; 
Styer et al., 1980; Wolf and White, 1975). For example, when 24 different genotypes were 
tested for emergence and uniformity in cold soils, mean sul emergence was 57% greater 
than that observed in sh2 lines (Douglass et al., 1993). The effect of temperature 
fluctuations on seedling emergence in spring or off-season plantings of sh2 com has made 
it difficult for growers to determine seeding rates that maximize stand uniformity, yield, 
and fresh product quality. Erratic stand establishment early in the growing season leads to 
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reduced uniformity in the maturity of ears at harvest. Because sweet com fields are 
harvested just once, variation in ear maturity results in reduced yield, quality, recovery, 
and profit. 
The causes of poor seed vigor and reduced emergence in sh2 genotypes are complex 
and appear to be strongly affected by both genetic and environmental factors, both during 
seed production and at planting (Chotena et al., 1980; Styer and Cantiliffe, 1983a). Rowe 
and Garwood (1978) reported that poor seed quality in high-sugar genotypes has been 
attributed in part to small endosperm nutrient reserves for seedling growth. Seed weight of 
sh2 is 33 to 50% that of su and seed weight is correlated to percent germination (Wann, 
1980; Schimidt and Tracy, 1988; Andrew, 1980). The reduction in seed weight is largely a 
function of greatly reduced starch levels relative to other types of com. Starch levels are 
related positively to germination and seed vigor both among endosperm types and within 
sh2 cultivars (Styer and Candiffe, 1983b; Juvik et al., 1993; Douglass et al., 1993). 
On a percent of dry weight basis, sh2 seed has high levels of sugars. Douglass et al. 
(1993) found a highly significant negative correlation between kemel sugar content and 
performance of seed in cold soils in 24 su, se, or sh2 genotypes. In an extensive study on 
the effects of recurrent selection for improved germination within sh2 populations, Juvik et 
al. (1993) reported that sugar levels were not directly related to germination. The impact of 
high sugar levels in immature kernels on seed quality during development could be 
significant. Due to the osmotic potential caused by the high sugar levels, sh2 com dries 
very slowly and the mature seed is thus more susceptible to seed-bome pathogens. 
Infection by Fusarium moniliforme and other pathogens can greatly reduce germination and 
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seed vigor (Styer and Cantliffe, 1984a; Headrick and Pataky, 1989). Styer and Cantliffe 
(1983c) demonstrated that sh2 seed produced in the greenhouse had better germination and 
seedling vigor than field produced seed. They attributed this to greater endosperm reserves 
and reduced pathogen activity. 
The low carbohydrate concentration of sh2 results in severe shrinking of the 
endosperm as it dries, which creates a number of structural problems for the seed. The 
shrinking endosperm may pull away from the pericarp, creating air pockets between the 
endosperm and pericarp (Styer and Cantliffe, 1983b). These air pockets increase kernel 
susceptibility to physical damage during handling and can result in cracking of the 
pericarp. The pericarp acts as a barrier to pathogens and water movement, both into and 
out of the kernel. Damaged pericarp greatly reduces germination in all endosperm types 
(Kohler, 1957). 
Intact sh2 kernels have a greater rate of imbibition than su kernels, perhaps due to the 
higher osmotic potential of sh2 (Styer and Cantliffe, 1983b). The higher imbibition rates, 
coupled with the cracked pericarp, results in an inrush of water that may interfere with 
membrane reorganization. Pericarp damage and disorganized membranes may contribute to 
the severe leakage of solutes from the imbibing sh2 kernel. Rate and amount of leachate, 
measured as electrolyte conductivity, is greater in sh2 com than in su (Schimidt and Tracy, 
1988; Wann, 1986). Seed leachates consist mainly of soluble carbohydrates in the form of 
sucrose, glucose, and fructose, which are sources of metabolic energy for embryo growth 
during germination (Caplan, 1982). Leachates with high carbohydrate concentration may 
also encourage the growth of soil-borne pathogens and subsequent seed rots. 
It is commonly accepted that the sh2 gene is only expressed in the endosperm, but 
Styer and Cantliffe (1984b) presented evidence that the embryo of sh2 com may also be 
dysfunctional. They found that excised sh2 embryos when grown in culture had poorer 
germination and growth than did embryos from su or normal seeds. They suggested that 
some type of dysfiinction in carbohydrate metabolism of the scutellum or axis existed in 
sh2 genotype. This observation was not consistent with that of Wann (1980) who in a 
similar study found no significant differences among embryos when cultured. Wann 
reported that the low seed vigor in high sugar genotypes was due primarily to a small 
endosperm that did not sustain vigorous seedling growth. This was indicated by seedling 
dry weights that were correlated positively with endospermrembryo ratio. He concluded 
that even though the genotype of the embryo was important in seedling vigor, low vigor in 
high sugar cultivars could not be attributed wholly to genetic inferiority of the embryo. In 
the smdy of He and Burris (1992), there was no significant difference in excised embryo 
vigor between sh2 and su indicating that the poor seedling vigor characteristic of the sh2 
genotype may be related to low endosperm reserves and/or physical structure. They found 
that poor seedling vigor of sh2 genotype was correlated highly with increased conductivity 
and sugar leakage. Sucrose originating from the hydrolysis of endosperm reserves could 
only support seedling growth for 4 days, further suggesting that the insufficiency of a 
sustained energy source may limit seedling growth in the sh2 genotype. Higher soluble 
sugars and low starch reserves, rapid water uptake, and high respiration rates in the sh2 
genotype during the early stages of germination may result in the depletion of substrate 
energy supplies needed for subsequent seedling growth. 
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The sh2 not only has limited starch accmnulated in the endosperm but may also have 
reduced efficiency in mobilizing the stored reserves. Starch granule degradation in the 
subaleurone endosperm was significantly less in a sh2 compared with nonisogenic su and 
normal varieties (Harris and DeMason, 1989). Thus, the availability of substrates for the 
germinating seed may be reduced. Both respiration rate and ATP levels in early 
germination stages have been studied as factors in the poor seed vigor of sh2 com, and 
neitiier account for all the growth differences between sh2 com and other types (Styer et 
al., 1980; Wann, 1980; He and Burris, 1992). 
Tmprnving the seed and seedling vigor of sh2 seed 
As the sh2 mutant has become a major commercial sweet com genotype in the 
industry, enormous research efforts have been devoted to breeding and selection, seed 
production refinements, and seed treatment methods. 
Selection for improved seed vigor in sh2 com has been a major effort of sweet com 
breeders since the introduction of sh2 cultivars (Tracy, 1994). Simple mass selection (Bell 
et al, 1983; Juvik et al., 1993) and pedigree breeding (Wolf and Showalter, 1974) have 
demonstrated that genetic improvements in stand establishment in sh2 maize were possible. 
Because seed quality is largely controlled by a complex interaction of numerous genes, 
breeders have selected directly for germination under field and laboratory conditions, 
increased seed weight, decreased electrolyte leakage, and decreased pericarp blistering. 
Genetic gains in seed quality in commercial cultivars have been made (Tracy, 1994). 
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Sweet com seed quality is more closely related to the environmental conditions during 
the seed production than in dent com. Thus, nearly all of the sweet com seed produced for 
the U.S. and for much of the world is produced in the Treasure Valley region of southwest 
Idaho (Marshall, 1987). Huelson (1954) estimated that 85% of the seed crop was produced 
there in 1954. This area became important because of the desert climate with nearly 
optimal conditions for sweet com seed production. Hot days, cool nights, and irrigation, 
results in high yielding, productive plants. Lx)w humidity results in a relatively disease-free 
environment and assists in the drying of the seed. Ear and kernel rots are reduced relative 
to seed produced under more humid conditions and seed quality is generally better (Tracy, 
1994). 
The unique features of sh2 sweet com seed have caused many changes in seed 
production operations. Conventional su sweet com seed is harvested around 30% seed 
moisture with a range of 10 to 50%, whereas the sh2 types are harvested at 50 to 55% 
(Marshall, 1987). The kernels are very tender at this stage and easily damaged during 
harvesting and husking. High moisture seed is also easily damaged by drying at high 
temperature (50 C). Low temperature (35 C) drying results in better seed quality (Schleppi 
and Burris, 1989). At harvest time, large volumes of seed must be dried rapidly so the 
drying rate must be high. Therefore, a high airflow rate through the drying bins is critical. 
High moisture seed is more costly and time-consuming to dry (Marshall, 1987); thus, fine-
tuning the temperature and the drying rate according to the expected seed volumes is 
important for the seed producer. 
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The effect of seed- and soil-bome pathogens on germination of sh2 seed and the 
effectiveness of chemical seed treatments were recognized early in the development of sh2 
as a crop (Berger and Wolf, 1974; Cantliffe et al., 1975). Reliable and effective fungicides 
are absolutely required for sh2 corns to be an economically viable crop. Many 
combinations of fungicides have been tested and some are effective. Certain fungicide 
combinations have been observed to increase germination under cold test performance three 
or four fold, relative to the percent germination of the untreated check (Tracy, 1989; 
Wilson and Mohan, 1992; Baird et al., 1994). Three to five different fungicides plus an 
insecticide are commonly applied to commercially treated sweet com seed (Marshall, 
1987). 
Besides fungicide treatment, the following seed treatments were reported to be 
effective in improving sh2 com seed germination and seedling growth: presowing 
hydration (Bennett and Waters, 1987a; Bennett and Waters, 1987b), bio-priming (Callan et 
al., 1990), osmotic priming (Murray, 1990), solid matrix priming (Perera and Cantliffe, 
1991). But these methods have not been used on a commercial scale. 
Dissertation Organization 
This dissertation consists of four chapters. Chapter 1 is the introduction of the 
background and objectives of the research. Chapter 2 describes the materials and methods 
used in the research. Chapter 3 focuses on research results and discussion. Chapter 4 is a 
general summary. 
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CHAFFER 2. MATERIALS AND METHODS 
Plant Materials 
Three pairs of near-isogenic lines, la 5125 sh2 and la 5125 su, la 453 sh2 and la 453 
su, C68 su and C68 sh2, along with two field com inbred lines A632 and B73, were used 
for comparative studies on the impact of endosperm mutations sh2 and su on seed develop­
ment. The inbred line seeds were produced on a Clarion loam at the Curtis Farm of Iowa 
State University, Ames, Iowa in 1995 and 1996. 
Two sh2 inbred lines, WH9261 and Wh2, were used in two experiments: polymer film 
coating and application of plant growth regulators to the parent plant (WH2 and C68 sh2 
were the same genotype). In the experiments on chemical application to parent plant, the 
seeds were grown open pollinated in two-row plots on the Curtis Farm in 1994, 1995, and 
1996. 
All sweet com seeds used for planting were provided by Dr. William F. Tracy, 
University of Wisconsin, Madison, WI. 
Methods 
Experiment 1 
The impact of endosperm mutation on seed development was investigated in seeds from 
self-pollinated ears of the near-isogenic lines or dent com lines in four-row plots. Selfed 
ears were harvested at intervals of 4 to 6 days beginning 16 days after pollination and 
continuing to 60 days after pollination. Ears were husked, and fresh seeds removed 
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manually immediately after iiarvest. Three replicates of 20 fresh seeds were sampled 
randomly from 5 ears and used to determine fresh weight, dry weight, and moisture 
content of whole seed. Another three replicates of 20 fresh seeds were sampled in the same 
way and used to determine embryo and endosperm fresh weight, dry weight, and moisture 
content after embryo and endosperm (including pericarp and testa) were separated. Other 
seeds were dried in thin layers at 30 C imtil seed moisture was reduced to 8 to 9%. After 
drying, the seeds were stored at 10 C and 50% relative humidity. The dried seed samples 
were used for seed quality evaluation, conductivity measurement, and chemical 
composition analysis. The seed samples used for quality evaluation were treated with 
fimgicides. The ftmgicide treatment consisted of vortexing 40 grams of seeds with 4 mL of 
20% polyvinyl pyrrolidone (PVP, product number Agrimer®30, International Specialty 
Product, Wayne, NJ) solution in a plastic beaker. PVP solution contained 1.00% Captan 
(a.i.), 0.50% Apron (a.i.) and 3.00% Thiram (a.i.). After coating, the seeds were dried 
back to their initial moisture content (8 to 9%) in ventilated ambient air (25 C). Three 
replicates of 50 seeds were used for warm germination test. 
Fresh seed samples of la 453 sh2 and la 453 sh2 harvested 55 days after pollination 
were also used for electron microscopic observation of the cell strucmre of embryonic 
tissues. 
Experiment 2 
The seeds of two sh2 inbred lines, WH9261 and WH2, were used to evaluate the 
effects of growth additives incorporated into a film coating on the germination performance 
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of coated seeds. Water dispersible polyvinyl pyrrolidone (PVP, product number 
Agrimer®30, International Specialty Product, Wayne, NJ) was used as the polymer binder 
and primary film former to deliver the chemicals. NAA, GAj. epiBR, malate, citrate, 
KH2PO4, ZnS04, (NH4)2S04 and Ca(H2P04)2 added separately into 20% PVP solution at 
different concentrations. The PVP solution contained 1.00% Captan (a.i), 0.5% Apron 
(a.i) and 3.00% Thiram (a.i). Three replicates of 40 grams of seeds of each inbred were 
mixed with 4 mL of 20% PVP solution in a plastic beaker. Seeds coated only with PVP 
and fungicides were used as the control. After coating, 50 seeds from each replicate were 
used for the warm germination test or soil-free cold test. 
Experiment 3 
Field experiments of foliar applied plant growth regulators during seed maturation 
were conducted in three consecutive years from 1994, 1995, and 1996. Two inbreds 
WH9261 and WH2 were used in all three years. Eight different plant growth regulators 
were used in the field spraying experiment: paclobutrazol (PP333, Zeneca Agrochemicals, 
UK), daminozide (B9, Uniroyal Chemical, Middlebury, CT), flurprimidol (DowElanco, 
IN), naphthylacetic acid (NAA, Sigma. St. Louis), gibberellic acid (GA3, Sigma, St. 
Louis), 24-epibrassinolide (BR, gift from Dr. Nubuo Dcekawa, Niigata Pharmacy College, 
Japan), uniconazole (S-3307, Sumitomo Chemical, Japan) and tetcyclacis (BASF, 
Limburgerhof, Germany). The dose and timing of PGR application for each trial are listed 
in Table L The treatments were arranged in a randomized complete-block design with 
three replicates. Each plot had two rows with about 20 plants in each row. Two foliar 
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Table 1. The PGR treatment and application time in Experiment 2 
Treatments 1994 1995* 1996 
PP333 SOppm + -
PP333 250 ppm + + -
PP333 500 ppm + + -
B9 500 ppm + + + 
B9 1000 ppm + + + 
B9 2000 ppm 
-
+ -
Flurprimidol 50 ppm + + + 
Flurprimidol 100 ppm + - + 
Rurprimidol 200 ppm + + 
-
NAA 50 ppm 
-
+ + 
NAA 100 ppm 
-
+ + 
NAA 200 ppm + + 
-
NAA 400 ppm + 
- -
GA 100 ppm + 
-
-
S3307 50 ppm 
- + + 
S3307 100 ppm 
- + + 
Tetcyclacis 25 ppm 
- -
NAA 50 ppm + B9 1000 ppm 
- + + 
Timing of 20, 22 days after 15, 17 days after 15, 17 days after 
two sprayings full flowering full flowering full flowering 
* In 1995, fungicide "Tilt" was added in the spraying solution of all treatments (including 
control) to control common leaf rust; 
** + The treatment has been applied; - the treatment has not been applied; 
»** Tetcyclacis was only applied to one inbred because of its limited amount available. 
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applications of PGR solution were applied during seed maturation stage. For each spray, 
600 mT. of PGR solutions were applied onto the plant leaves of each plot during the late 
afternoon (4 to 7 p.m.), and the second spraying of the same solution was applied two days 
later. Ten random ear samples were harvested from each plot during 50 to 55 days after 
fiill flowering. Ear samples were husked, and dried in thin-layer experimental dryers at 30 
C until seed moisture reached 8-9%. After drying, the seeds were stored at 10 C and 50% 
relative humidity. The dried seed samples were used for seed weight measurement, and 
seed quality evaluation. The seed weight was measured by counting 1000 seeds using a 
seed counter (Model 77-10, Seedburo, Chicago). The dried seed samples were treated with 
fungicides by die same method as in Experiment 1 before lab seed quality evaluation; 100 
seeds of each PGR treatment replicate were used for either warm germination or cold test. 
Some seed samples of the 1995 trial were selected for planting in the field in the Spring of 
1996 for evaluation of field performance. 
Geniiination and seedling vigor test 
Seed quality tests included the standard warm germination test (Association of Official 
Seed Analysts, 1993) and a soil-free cold test (Association of Official Seed Analysts, 
1983). Seed germination and seedling vigor measurements were obtained by planting one 
(Experiment 1) or two (Experiment 2 and 3) 50 seed samples of each treatment replicate on 
rolled paper towels. Both warm germination and cold test were performed under light 
(Wilson and Lawson, 1994). The warm germination was evaluated after 7 days at 25 C and 
the cold test after 14 days, 7 days at 10 C followed by 7 days at 25 C. The shoots and roots 
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of normal seedlings were then separated and dry weight was determined following the oven 
method (105 C for 24 hours). 
Field emergence test 
Selected treatments of WH9261 and WH2 from Experiment 2 were planted at two 
different dates in the field in 1997. Seeds were planted in a 6.2 meter single row plot at a 5 
cm in depth. The first planting was conducted on April 28 with 200 (WH2) or 150 
(WH9261) seeds planted in each plot. The second planting was conducted on May 15 with 
150 (WH2) or 150 (WH9261) seeds planted in each plot. Experiments were randomized 
complete block designs with three replicates. Each plot planted with treated seeds was 
paired with a plot with control seeds. Seedling emergence was recorded 22 days after first 
planting and 17 days after second planting. The seedling emergence was analyzed by paired 
t test. 
Selected treatments of WH9261 and WH2 from 1995 trials of Experiment 3 were 
planted in the field on May 15, 1996. 100 seeds were planted in a 6.2 meter single row plot 
at 5 cm depth. The experiment was a randomized complete block design with three 
replicates. Seedling emergence was recorded 15 days after planting. The results were 
analyzed as a one-way ANOVA. 
Conductivity measurement 
Three replicates of 10 dried seeds harvested at different maturities in Experiment 1 
were soaked in 30 mL of distilled water for 24 hours at 25 C, and the conductivity of the 
20 
Steeping solution was measured by a Genesis-2000 seed analyzer (Wavefront Inc., Ann 
Arbor, MI). 
Analysis of embryo carbohydrate composition 
Total soluble sugar, reducing sugars and starch content in the embryo from mature 
seeds of three pairs of isogenic lines and two dent com inbreds harvested at 60 days after 
pollination were analyzed. 
Soluble sugars were extracted from two replicates of 50 embryos with 12.5 mL of 80% 
ethanol. Embryos were homogenized and then centrifliged (1000 x g for 10 min). The 
supernatant was decanted and filtered through Whatman No.30 filter paper. The residue 
was suspended in 12.5 mL of 80% ethanol and centrifliged as above and the supernatant 
filtered and combined with the first extract. The combined extract was brought to 25 mL 
with 80% ethanol. Total alcohol soluble carbohydrate in this solution was estimated by the 
phenol-sulfuric acid test, and reducing sugar was measured by the method of Nelson-
Somogyi (Hodge and Hofreiter, 1962). 
Starch was solublized as follows: the residue from the 80% ethanol extraction was 
suspended in 90% dimethyl sulfoxide (DMSO) and brought to volume (25 mL) with 90% 
DMSO. Total starch was determined following the hydrolysis of glucoamylase method 
(AACC, 1983). The liberated glucose was measured by the Nelson-Somogyi reducing 
sugar test (Hodge and Hofreiter, 1962). 
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Measurement of ethanol, lactate, and malate 
Measurement were taken after seeds were incubated for 7 days at 10 C under saturated 
cold test conditions (Association of Official Seed Analysts, 1983). Pericarp was first 
removed and discarded, and then endosperm and embryo were separated. Two replicates of 
50 endosperm or embryos were homogenized with 15 mL 50 mM HCIO4 The 
homogenates were centrifiiged at 27,000 g for 30 min. The supernatant fraction was 
neutralized with 1.0 M K2CO3 and the precipitated protein removed by centrifiigation. 
Neutralized extracts were analyzed immediately. Ethanol, malate, and lactate were 
determined by measuring the reduction of NAD at 340 mn. The specific conditions were as 
follows: 
Ethanol: Na-PPi buffer (pH 8.7) (71mM), 0.57 mM NAD, 0.14 mg/mL(42 lU) alcohol 
dehydrogenase (Bemt and Gutmann, 1974). 
Lactate: Hydrazine (0.34 M) glycine (0.42 M) buffer (pH 9.0), 2.53 mM NAD, 42 
Hg/mL (23 lU) malate dehydrogenase (Gutmann and Wahlefeld, 1974b). 
Malate: Hydrazine (0.34 M) glycine (0.42 M) buffer (pH 9.0), 2.53 mM NAD, 42 
Hg/mL (46 lU) malate dehydrogenase (Gutmann abd Wahlefeld, 1974b). 
Electron microscopy 
Fresh Ia453 sh2 and Ia453 su seeds were harvested from selfed ears 50 days after 
pollination. The root tip section from embryonic axes and the section from the middle of 
the scutellum were cut from five seeds. All sections were inmiediately placed in freshly 
prepared fixative consisting of 2% paraformaldehyde, 2% glutaraldehyde, 1.0 mM calcium 
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chloride, and 0.05 M phosphate buffer and double fixed with 1 % osmium tetraoxide in 
0.05 M phosphate buffer for 24 h at 4 C. Axes were then placed in 7% aqueous uranyl 
acetate (24 h at 4 C) as a staining preembedding step and then dehydrated in an ethanol 
graded series (25, 50, 70, 95, 100%) for 2 h in each step. Samples then were placed in 
propylene oxide and slowly infiltrated in Spur's resin. At the end of infiltration, samples 
were cast in pure resin in weighing dishes and polymerized at 70 C for 72 h. The samples 
were then cut by using a Reichert Ultracut microtome and a diamond knife. The sections 
were then placed on 200 mesh copper grids and post-stained with lead citrate and aqueous 
uranyl magnesium acetate for 20 minutes. The samples were viewed in a JEOL 1200-EX 
Scanning Transmission Electron Microscope and photographed using Kodak SO-163 film. 
Statistical analysis 
All data in experiments 2 and 3 were subjected to analysis of variance (ANOVA). 
Means were compared between treatments in each experiment by least significant 
differences at P= 0.05, 0.01 and 0.001. In Experiment 3, an ANOVA revealed a 
significant year-harvest interaction. Therefore, the three years trials were analyzed 
independently. 
CHAPTER 3. RESULTS AND DISCUSSION 
Seed Development of sh2 Lines 
Experiment I 
Physical characteristics during development 
The endosperm mutation sh2 not only dramatically altered the reserve accumulation in 
endosperm but also affected embryo development. The sh2 lines showed a slower increase 
in embryo fresh and dry weights than the su lines during seed development and maturation 
in the three pairs of isogenic lines (Fig.lA, 2A and 3A). The negative impact of the sh2 
gene on embryo development was apparent as early as 16 days after pollination. The rate of 
dry weight increase in sh2 lines was consistently slower than isogenic su lines until 50 days 
after pollination (DAP). After 50 DAP, su lines and dent com lines exhibited no further 
increase in embryo dry weight (Fig lA, 2A and 4A). However, the embryo dry weights of 
Ia453 sh2 and Ia5125 sh2 continued to increase during the period from 50 DAP to 60 
DAP. This may indicate that sh2 lines have a potential to accumulate embryo reserves 
during the late maturation stage to compensate for the previously retarded embryo 
development. 
The results observed in C68 sh2 and C68 su were different from the other pairs during 
the period from 50 DAP to 60 DAP (Fig. 3A). The embryo dry weight of C68 su increased 
to a greater degree than C68 sh2 after 50 DAP. There may be two factors related to this 
response. First, the C68 su line has a larger kernel than the other two su lines (Ia453 su 
and Ia5125 su) and has a longer seed development and matm-ation period. Second, unlike 
the other two pairs of isogenic lines in which the timing of the pollination for su and sh2 
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Figure 1. Changes in embryo (A), endosperm (B), whole-seed (C) fresh weight (FW) and 
dry weight (DW), and moisture content (D) of isogenic lines Ia453 sh2 and Ia453 su during 
development (to be continued in next page). 
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Figure 2. Changes in embryo (A), endosperm (B), whole-seed (C) fresh weight (FW) and 
dry weight (DW), and moisture content (D) of isogenic lines Ia5125 sh2 and Ia5125 su 
during development (to be continued in next page). 
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Figure 3. Changes in embryo (A), endosperm (B), whole-seed (C) fresh weight (FW) and 
dry weight (DW), and moisture content (D) of isogenic lines C68 sh2 and C68 su during 
development (to be continued in next page) 
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Figure 4. Changes in embryo (A), endosperm (B), whole-seed (C) fresh weight (FW) and 
dry weight (DW), and moisture content (D) of dent com inbred lines A632 and B73 during 
seed development (to be continued in next page) 
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was close, the pollination date for C68 sh2 line was 6 days later than that of C68 su, thus 
the temperature during late maturation (October) was lower for C68 sh2. The lower 
temperature during the late mamration may have affected the accumulation of reserves in 
the embryo. 
Dent com inbred lines A632 and B73 accumulated reserves in the embryo at a 
considerable rate until 50 DAP (Fig. 4A). After that, the embryo did not increase in dry 
weight during the period from 50 DAP to 60 DAP. 
Senescence of vegetative organs occurs early during the seed development stage in sh2 
sweet com, especially in inbred lines (Russo and Pappelis, 1994; Russo, 1996). Based on 
physical appearance, a similar response occurred in this smdy. It was observed that in sh2 
lines, the leaves tumed yellow and the tissues in intemodes appeared white and fluffy as 
early as 40 DAP. Similar senescent appearance occurred after 50 DAP in su lines and after 
60 days in dent com lines. It is interesting to note that although apparent senescence 
appeared early during seed development and maturation of the sh2 genotypes, the 
accumulation of embryo reserves continued into late maturation stages. 
At 60 DAP, the seed moisture content of the three sh2 lines was reduced to about 20 to 
30% or lower (Fig. ID, 2D and 3D), and seed and embryo dry weights reached the 
maximum level (Fig. lA and IC, Fig. 2A and 2C, Fig. 3A and 3C). However, the final 
embryo dry weight of sh2 lines were still lower than isogenic su lines (Table 2). 
The sh2 lines failed to exhibit an increase in endosperm dry weight as early as 28 
DAP, but su lines continued to accumulate endosperm reserves until about 38 to 44 DAP 
(Fig. IB, 2B and 3B). Dent com lines had the longest period of endosperm reserve 
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Table 2. Physical characteristics and embryo carbohydrate composition of three pairs of 
isogenic sweet com lines and two dent com lines harvested at 60 DAP 
Genotype 
Embryo 
Dry weight 
(mg) 
Endosperm Whole 
seed 
Rado of 
endosperm/ 
embryo 
Embryo carbohydrates(mg/embryo) 
Starch Total sugar Reducing sugar 
Ia453 sh2 26.1* ll.i*** 103.9*»» 2.98* 0.92*» 3.45NS 0.64* 
Ia453 su 35.5 156.2 191.7 4.41 3.06 3.31 0.78 
Ia5125 sh2 113** 99.5** 120.8'**» 4.63* 0.84'» 4.32 NS 1.16« 
Ia5125 su 25.1 136.5 161.6 5.57 2.49 3.54 0.78 
C68 sh2 112* Sl.l*** lAl* 1.76** 3.94 NS 0.80NS 
C68 su 39.5 165.7 205.2 4.20 ZAl 3.59 0.86 
A632 32.1 210.2 242.3 6.57 3.25 3.32 0.87 
B73 32.8 240.7 273.5 7.32 3.10 3.49 0.86 
NS, *, **, and *** Not significant and significantly different from isogenic su line at 
P<0.05, P < 0.01, and P < 0.001, respectively, by the paired T test. 
accumulation: the endosperm dry weight of A632 and B73 increased steadily until 50 DAP 
(Fig. 4B). 
The sh2 genotypes revealed similar patterns of moisture content change in the whole 
seed and embryo at different developmental stages. From the period of 16 to 50 DAP, the 
moisture content of sh2 seed was at least 10% higher than the su seeds. After 50 DAP, sh2 
seed moisture content dropped more quickly than su seeds. The moisture content in the sh2 
embryo also remained higher than the su isogenic counterparts until about 50 DAP. The 
dramatic drop in moisture content of the sh2 seed and embryo after 50 DAP may be related 
to the senescence events in parent com plants. The early initiation of senescence in the sh2 
plants may have caused vascular dissociation of the ears from the maternal plant, and thus 
the quick desiccation of seed in the field. 
Germination acquisition and seedling vigor of developing seeds 
If the germinability is expressed as the number of normal seedlings developed during 
the germination period, two sh2 lines, Ia453 sh2 and Ia5125 sh2, acquired normal 
germinability much slower than the isogenic su lines and common dent com lines. The 
developing seeds of sh2 lines took at least 10 days longer to reach germination levels 
similar to the su lines. Ia453 sh2 reached its maximum germinability at 38 DAP, whereas 
Ia453 su attained similar germination level about 10 days earlier (Fig. 5A). Ia5125 sh2 did 
not reach its maximum germination level until 50 DAP, but Ia5125 su obtained its similar 
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Figure 5. Germinability and seedling vigor of isogenic lines la 453 sh2 and la 453 su 
during seed development. A. Normal and abnormal seedlings % in warm germination; 
B. Shoot or root weight per normal seedling after warm germination under light 
(7 d, 25 C). 
germinability as early as 30 DAP (Fig. 6A). About 70% of the developing seed of C68 su 
were able to germinate but grew into abnormal seedlings at 28 DAP; while at the same 
time less than 10% of C68 sh2 seeds were able to germinate and grow. Between 38 DAP to 
60 DAP, the seed germinability of C68 sh2 and C68 su reached similar levels (Fig. 7A). 
For the inbreds of Ia453 sh2 and Ia5125 sh2, the germinability declined shortly after it 
reached its maximum level, but their isogenic su counterparts maintained a high 
germinability during the whole maturation period (Fig. 5A, 6A and 7A). Developing seeds 
of su lines and dent lines exhibited a similar rate of increase in normal germinability, but 
dent com seeds appeared to reach the maximum germinability a little earlier (Fig. 5A, 6A, 
7A and 8A). The developing seeds of sh2 lines took at least 10 days longer to reach 
similar germination levels. Moreover, sh2 lines maintained their highest germination 
capacity for a shorter period during late maturation stage. 
The developing seeds of sh2 lines had much lower seedling vigor at all developmental 
stages (Fig. 5A, 6A and 7A). Both shoot and root dry weights of sh2 lines were 
significantly lower throughout the developmental stage, and the shoot dry weight difference 
was more pronounced than the root dry weight difference. Root dry weights of dent com 
inbreds A632 and B73 were similar to that of su seedlings (about 10 mg per seedling) when 
seeds were collected after 35 to 40 DAP, but the shoot dry weight was higher than su lines 
(Fig. 8A). 
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Seed leakage at different maturity 
Conductivity of seed steeping solution has been used as a measurement of seed 
membrane integrity and thus an effective seed vigor test in both sh2 and su sweet com 
(Waters and Blanchette, 1983; Wan, 1986; Schimidt and Tracy, 1988). The change in 
conductivity at different developmental stages of both shl and su lines was triphasic (Fig. 
9A, 9B and 9C). During phase I (16 to 20 or 28 DAP), the conductivity dropped sharply, 
and shl seeds exhibited a much higher conductivity. During phase n (20 or 28 to 44 DAP), 
the conductivity values declined slowly and sh2 seeds showed a higher level of leakage than 
su seeds. The seeds also acquired the normal germinability during this period. In phase HI 
after 44 DAP, shl and su had similar and stable conductivity values. Ia5125 shl, however, 
increased its conductivity after 50 DAP (Fig. 9B), which reflected its dramatic decline in 
seed viability at the same time (Fig. 6A). 
The conductivity values of C68 shl were close to those of C68 su at various 
developmental stages despite the two lines differing in germinability and seedling vigor 
(Fig. 9C). Dent corns A632 and B73 seemed to have a different pattern in the change of 
seed leakage during development with the conductivity declining at a steady rate from 16 to 
60 DAP (Fig. 9D). 
Cell ultrastructure and carbohydrate composition of mature embrvo 
The embryonic cells from mature seeds of Ia453 sh2 and Ia453 su were observed by 
transmission electron microscopy (TEM). The scutellar cells of Ia453 shl and Ia453 su 
were similar relative to the structure and organization of lipid and protein bodies, the two 
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Figure 9. Conductivity of seeds harvested at different maturity. A. Isogenic lines Ia453 sh2 
and Ia453 su. B. Isogenic lines Ia5125 sh2 and Ia5125 su. C. Isogenic lines C68 sh2 and 
C69 su. D. Dent com lines A632 and B73 (to be continued in next page). 
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dominant reserve storage organelles (Fig. lOA and lOB). However, the starch grain 
development in embryonic cells of Ia453 sh2 was impaired: the nmnber and size of starch 
grains in Ia453 sh2 was much smaller than in Ia453 su. 
In the radicle meristem cells, both sh2 and su lines exhibited similar arrangement of 
lipid bodies. The lipid bodies aligned uniformly along the cell wall, which is characteristic 
of mature, desiccated com embryonic cells (Perdomo and Burris, 1997). For the deposition 
of starch grain, the differences between sh2 and su lines were apparent (Fig. IOC and 
lOD). The starch grains in sh2 scutellimi cells were only partially filled, whereas su starch 
grains were filled with reserves and had a bright color. 
The chemical analysis of embryo carbohydrates confirmed that sh2 lines accumulated 
less starch (0.84 to 1.76 mg/embryo) than su lines (2.49 to 3.47 mg/embryo. Table 2). The 
content of total soluble sugar in sh2 embryo was not higher than in su lines. 
It has akeady been reported that mature seed of sh2 cultivar usually had a smaller 
embryo than su cultivar or wild types (Wann, 1980; Styer and Cantliffe. 1984b; He and 
Burris, 1992). This study further confirms that die sh2 endosperm mutation had at least two 
negative effects on embryogenesis. First, it delayed embryo development and expansion 
during early developmental stages and caused a later transition to the "germination mode". 
In order to compensate for the early suppressed growth, sh2 lines were able to continue 
accumulating reserves at late maturation stages even after the whole plant died. The mamre 
embryos in sh2 lines were smaller than su embryos (Table 2). The acquisition of 
germinability of developing seeds was at least 10 days later in sh2 lines than su lines. 
Figure 10. TEM micrographs of scutellar and radicle meristematic cells in mature sweet 
com seed harvested at 55 DAP. A. Scutellum of la 453 sh2\ B, Scutellum of la 453 su; 
C. Radicle meristem of la 453 sh2\ D. Radicle meristem of la 453 su. Arrow indicates the 
presence of starch grain; sg = starch grain; cw = cell wall; lb = lipid body; pb = protein 
body; n = nucleus (bar = 1 |im). 
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Kermode and Bewley (1985) suggested that the maturation drying of the embryo caused the 
"switch" from a developmental to a germinative mode in many seeds. The higher moisture 
content in sh2 embryo and whole seed may be a factor delaying such a "switch". However, 
developing su or dent com seeds obtain their germinability at earlier developmental stages 
when the young seed has a high moisture content. Thus, some other factors, e.g., high 
sucrose concentration, may be involved in delaying germination acquisition. 
The second negative effect of the sh2 gene on the embryo is that starch deposition in 
the cells of the scutellum and embryonic axis was impaired. The sh2 mutation prevents 92 
to 95% of the endosperm ADP-glucose pyrophosphorylase activity (Tsai and Nelson, 1966; 
Dickinson and Preiss 1969a; Dickinson and Preiss 1969b), but the enzyme activity in the 
embryo is not reduced (Hannah and Nelson, 1975). Therefore, the poor deposition of 
starch grains may not be caused directly by the activity of ADP-glucose 
pyrophosphorylase. Instead, it may involve other mechanisms. Doehlert and Kuo (1994) 
found that sh2 affected the expression of eight different genes in the kernel at the 
transcription level, and these genes are involved in carbohydrate or protein metabolism. 
They suggested that sucrose may modulate expression of these genes. So it is likely that the 
high sucrose accumulation or other biochemical or physical changes related to the sh2 
endosperm mutation contribute to the poor deposition of starch grains in the embryo. 
The direct impact of limited embryo starch reserves on germination and seedling 
growth is unknown. The major reserves in embryonic tissues are lipid and protein, and 
starch is a minor component. In this study, it was observed that in all sh2 lines, scutellar 
tissues deteriorated very quickly during seedling growth. The scutellimi is a non-growing 
absorptive organ mediating mobilization and translocation of endosperm reserves to sustain 
tiie growth of embryonic axis. Scutellar tissue itself stores substantial amounts of protein, 
lipids and starch. Its deterioration may adversely affect seedling growth, where the lack of 
starch in the scutellum may contribute to the early deterioration of the scutellar tissue. 
Carbohydrate byproduct accumnlfltinn under cold and wet germination conditions 
Seed of sh2 mutant has poor germination in cold and wet soil (Tracy, 1994). In 
saturated cold test, sh2 cultivars have particularly low germination percentages. In this 
study, when seeds were subjected to soil-free saturated cold test conditions (AOSA, 1983) 
for 7 days, the endosperm of sh2 lines accimiulated much higher reducing sugar, ethanol 
and lactate in the endosperm (Table 3). The subsequent germination of whole seed was 
reduced significantly, but the embryo germinated well if it was isolated from the whole 
seed. The results suggested that the accumulation of certain deleterious substrates in 
endosperm under cold and wet conditions may contribute to the high sensitivity of sh2 seed 
to cold and wet germination conditions. 
Table 3. Content of some carbohydrate metabolites and seed germination performance under saturated cold test conditions 
Genotype R.S 
(mg) 
Ethanol 
Embryo 
Lactate Malate 
- (limole) 
MC% PH^ R.S 
(mg) 
Ethane! 
Endosperm 
Lactate Malate 
• (limole) 
MC% pH' 
Germination % 
W.S. Embiyo+ + 
la453 sh2 1.87±0.U 0.75±0.07 0.9110.15 0.1310.08 60.910.94 6.6010.06 4.1510.19 1.6510.02 1.4710.32 0.2010.09 46.711.19 6.1310.00 65.315.5 88.315.5 
Ia4S3 su 2.96±0.I6 O.SOtO.lS 0,5210.22 0.1210.08 48.110.66 6.6610.01 1.1510.50 0.9810.37 0.1510.08 0.0610.00 41.311.19 5.8410.01 85.716.4 93,315,8 
C68 sh2 7.38±0.62 0.43±0.II 1.3210.47 1.8810.25 57.511.52 6.5710.05 4.6510.14 1.4710.14 3.5010.39 2.0810.07 44.717.63 5.9210.02 56.012.0 89,016.1 
C68 su 4.15±0.19 0.ISt0.02 0.3610.17 0.0510.00 48.9.10.92 6.6510.05 1.4410.25 0.2210.05 0.2710.00 0.0310.00 41.810.97 5.5410.08 89.712,1 94,014.0 
B73 1.4010.14 0.3I±0.21 0.7510.24 0.1610.04 50.910.41 6.4910.01 1.4010.13 0.1310.08 0.6210.22 0.3910.07 27.611.48 5.2010.07 94.313,2 92,716.4 
* pH value of extraction solution; 50 x 2 embryo or endosperm was homogenized with 20 mL of distilled water and then cenirifiiged at 1000 g for 10 min. The supernatant was used for 
pH measurement. 
*' Embryo was isolated from whole seed after 7 days at 10 C under saturated conditions and then germinated at 25 C for 7 days. 
R.S. Reducing sugar content (mg/embryo or endosperm); MC%: moisture content %; W.S.; whole seed. 
Growth Additive Incorporated Coating for Improving 
Germination and Seedling Growth 
Experiment 2 
Film coating has recently developed as an effective dust-free delivery system for 
agrochemicals and biologicals to improve seed germination and seedling growth (Halmer, 
1988; Clayton, 1988; Scott, 1989). This technology has proven to be an effective delivery 
system for fungicide protectants for sh2 sweet com cultivars against seed- and soil-bome 
disease (Walsh et al., 1995). This experiment investigated the possibility of using a film 
coating to deliver "growth additives" to improve sh2 seed germination and seedling 
growth. Three groups of chemicals, including PGRs, TCA intermediates and inorganic 
salts, were used. 
Effects of coating delivered PGRs 
The three growth regulators showed different effects on seed germination and seedling 
growth. NAA, a synthetic auxin with root growth promoting potential, when incorporated 
at 0.5 PPM, significantly increased germination percentages and seedling root dry weight 
of WH9261 in the warm germination test (Table 4). It increased the shoot and root dry 
weight but not the germination percentage of WH2 under the same conditions (Table 5). 
But in the cold test, the treatment of 0.5 PPM NAA had no beneficial effect on either lines, 
and 0.1 PPM NAA was less effective than 0.5 PPM NAA. 
It has been reported recently that presoaking in OAs solution could enhance a-amylase 
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Table 4. Effects of PGR and TCA intermediates incorporated into a coating treatment on 
seed germination and seedling growth of inbred "WH9261" 
Warm Germination Cold Test 
Treatment Normal Shoot Root Nomial Shoot Root 
Seedling % Dry weight (iiig)/seedling Seedling % Dry weight (mg)/seedling 
Control 83.3 25.9 8.7 54.7 25.4 5.5 
NAA 0.1 ppm 88.7 28.6** 9.2 56.6 26.2 5.4 
NAA 0.5 ppm 90.0* 26.5 9.5* 51.S 24.5 4.7 
GA3 25 ppm 84.0 26.5 8.6 58.7 24.8 5.0 
GA3 50 ppm 88.0 29.2*** 8.4 57.S 26.2 6.5*** 
GAS 100 ppm 83.3 29.8*** 8.1 60.7* 26.2 6.0* 
GAS 250 ppm 86.7 25.7 8.1 56.7 27.3*** 5.7 
epiBR 0.01 ppm 83.3 27.0 8.6 48.0* 27.5*** 6.1* 
epiBR 0.1 ppm 86.7 26.0 8.7 65.3*** 26.4* 6.3** 
Malate 500 ppm 84.0 26.4 8.9 54.0 25.5 5.5 
Malate 1000 ppm 87.3 27.2 8.9 54.0 25.3 5.8 
Malate 2500 ppm 84.7 26.4 8.6 44.7** 25.7 5.9 
Malate 5000 ppm 83.3 26.2 8.1 46.7** 27.6*** 5.5 
Citrate 500 ppm 75.3** 26.8 8.2 43.3*** 25.4 5.2 
Citrate 1000 ppm 81.3 26.1 8.5 56.7 24.9 5.6 
Citrate 2500 ppm 83.3 26.9 8.3 62.0* 25.4 5.6 
Citrate 5000 ppm 81.3 27.3 8.2 59.3 24.4 5.3 
*, **and Treatment showed significant difference from control after coating at P <0.05, P<0.01 
and P < 0.001 respectively, by the LSD test. 
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Table 5. Effects of PGR and TCA intermediates incorporated into a coating treatment on 
seed germination and seedling growth of inbred "WHZ" 
Warm Germinatioa Cold Test 
Treatment Normal Sboot Root Normal Shoot Root 
Seedling % Dry weight (mg)/seedling Seedling % Dry weight (mg)/seedling 
Control 70.7 17.2 5.6 64.7 20.0 6.2 
NAAO.l ppm 66.0 17.9 5.6 66.0 20.7 6.3 
NAA 0.5 ppm 72.0 18.3* 6.4** 66.7 19.7 6.7 
GA3 25 ppm 71.3 17.3 5.6 62.0 20.9 6.4 
GA3 50 ppm 74.0 17.4 5.5 58.0* 20.5 5.0*** 
GA3 100 ppm 64.3** 17.2 5.4 47.3*** 19.6 
GA3 250 ppm 61.3*** 16.0** 5.2 37.3*** 21.4* 4 g*** 
epiBR 0.01 ppm 72.0 17.1 5.4 67.3 21.8** 6.0 
epiBR 0.1 ppm 75.3 17.0 5.8 74.0** 21.5* 6.2 
Malate 500 ppm 70.7 17.4 5.5 62.0 20.4 6.3 
Malate 1000 ppm 73.3 18.5** 6.1 67.3 20.4 6.4 
Malate 2500 ppm 70.7 16.7 5.9 62.7 20.3 6.1 
Malate 5000 ppm 70.7 16.6 5.9 71.3* 20.5 6.1 
Citrate 500 ppm 72.0 16.9 6.7*** 64.0 20.9 6.3 
Citrate 1000 ppm 71.3 17.4 5.6 67.3 21.5* 6.3 
Citrate 2500 ppm 71.3 17.1 5.7 62.0 20.3 5.9 
Citrate 5000 ppm 70.0 17.4 5.1* 62.0 20.6 5.8 
*, ** and *** Treatment showed significant difference from control after coating at P<0.05, P<0.01 
and P< 0.001 respectively, by the LSD test. 
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activity in the aleurone layer during sh2 seed germination and stimulate shoot elongation 
of the seedlings (Sanwo and DeMason, 1994). The results of this study showed that 
incorporation of GAA could have both positive and negative effects on sh2 seed germination 
and seedling growth. GAj significantly stimulated coleoptile elongation of the two inbred 
lines both in warm germination and cold tests. Figure II illustrates the effects of 
presoaking or coating with GA3 on shoot elongation. The promotive effects on shoot 
elongation may also be favorable for seedling emergence under field conditions because 
weak shoot growth in sh2 genotypes may be a constraint resulting in reduced stand 
establishment (Fig. 5B, 6B, 7B and 8B). On the other hand, coating with higher rates of 
GA3 (> ICX) PPM) significantly reduced the germination percentage of WH2 both in warm 
germination and the cold test (Table 5). When seeds were presoaked in high concentrations 
GA3 solution before germination, the sh2 genotype showed dramatic germination 
reductions but su or dent com seed still exhibited a stable germination percentage (Fig. 12). 
Brassinosteroids (BR) are a new class of plant hormones with a steroidal structure 
(Mandava, 1988; Sakurai and Fujioka, 1993; Hooley, 1996). Mitchell and Gregory (1972) 
showed that the naturally occurring BR could enhance seed vigor. Mandava (1988) 
reported that 24-e/7A)rassinolide had promising effects on seed germination and seedling 
growth. When rice and tobacco seeds were treated with 24-epiBR before germination, the 
germination and seedling growth was accelerated, especially under low-temperature 
conditions. In this study, O.I PPM BR increased the germination percentage and seedling 
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24 
0 10 25 50 100 100 
Soaking in GA solution(PPM) for 12 hr Coated 
with GA (PPM) 
Figure 11. Effects of presoaking or coating with GA3 on shoot elongation (inbred: 
WH9261, three replicates of 50 seeds were germinated at 25 C under light for 7 days). 
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CK GA CK GA CK GA CK GA 
WH9261(S/J2) C68 sh2 C68 su B73 
Figure 12. Response of different genotype to high levels of GAj treatment. Seeds (3 x 100) 
were presoaked in distilled water (CK) or 250 PPM GAj (GA) for 12 hr before warm 
germination. Seeds were not treated with fungicides before or after presoaking. 
growth of both WH9261 and WH2 significantly in the lab cold test, but not under favorable 
warm germination conditions (Table 4 and 5). In the field emergence trials, 0.1 PPM BR 
coated seeds of WH9261 exhibited a higher emergence than the control (P<0.03) in the 
second planting, but not in the first planting (Fig.l3A). The promotive effects of BR on 
WH2 were not expressed in the field (Fig.l3B). 
The conventional laboratory methods of treating seeds with PGRs are presoaking and 
organic solvent infusion, which usually are not readily applied on a conmiercial scale. In 
this experiment a polymer binder (PVP) effectively delivered GAj, NAA and BR to sh2 
seed. Because film coating can provide uniform, firm and accurate placement of trace 
amounts of chemicals on sh2 seed, the commercial potential of using this method to 
incorporate PGRs seems promising. However, the coating operation involves many 
formulation factors such as pH, surfactants, etc., which may influence the effectiveness of 
the hormone treatment. Much research is still needed to develop a practical procedure to 
apply the specific growth regulators as a film coating. 
Effects of coating delivered TCA intermediates 
Because sh2 seeds are deficient in endosperm reserves, two TCA intermediates, malate 
and citrate, were added into a film coating in an attempt to supplement the energy supply 
during early seed germination. In the early germination stage, TCA intermediates appeared 
to stimulate both shoot and root growth, but after seven days germination under light the 
promotive effects tended to diminish (Table 4 and 5). 
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Figure 13. Field emergence of BR or zinc sulfate coated seeds. A. Inbred WH9261; 
B. Inbred WH2. BR, seeds coated with 0.1 PPM Br, ZnS04, seeds coated with 1000 PPM 
ZnS04. 
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WH9261 and WH2 also showed a different response in final germination and seedling 
growth when TCA intermediates were added. Treatment with 5000 PPM malate increased 
germination of WH2 but decreased germination of WH9261 significantly in the cold test. 
Effects of coatiny delivered innrgamV nutrients 
Four inorganic salts were selected to coat the seeds. Both WH9261 and WH2 showed a 
positive response to the treatment with 500 or 1000 PPM ZnS04.7H20/seed weight (Table 
6 and 7). Treatment with 500 PPM ZnS04.7H20 significantly increased cold test 
germination of the two inbreds, 1000 PPM ZnS04.7H20 also improved WH926rs 
germination and seedling growth and WH2's germination significandy in the cold test. 
Seedling root weight of WH2 in the warm germination test was also improved by 
treatments with ZnS04. THjO. However, seeds coated with 1000 PPM ZnS04.7H20 did 
not show significant improvements in the field emergence test for the two inbreds (Fig. 13 
A and 13 B). 
The mechanism of zinc sulfate enhancement of lab germination performance under cold 
conditions is not known. Because the treatments of ammoniimi sulfate at different 
concentrations did not show similar beneficial effects on sh2 seed germination, the effects 
seen with zinc sulfate may result firom zinc rather than sulfate. Zinc is involved in a 
diversity of enzyme activities (Prasad, 1993), and it is an essential cofactor for alcohol 
dehydrogenase and superoxide dismutase. The presence of zinc is also reported to protect 
biological membranes against attack by toxic oxygen species (Cakmak and Marschner, 
1993). Low concentrations of zinc promoted the the seedling growth of two dicotylendon 
58 
Table 6. Effects of inorganic nutrients incorporated into a coating treatment on seed 
germination and seedling growth of inbred "WH9261'' 
Treatment Kormal 
Seedling % 
Warm Germination 
Shoot Root 
Dry weight (mg)/seedliiig 
Normal 
Seedling % 
Cold Test 
Shoot Root 
Dry weight (mg)/seedling 
Control 83.3 25.9 8.7 54.7 25.4 5.5 
KH2PO4 500 ppm 82.7 26.4 8.5 53.3 25.8 5.5 
KH2PO4 1000 ppm 88.0 27.6* 9.3 52.0 27.2*** 5.6 
KH2PO4 2500 ppm 78.7 26.4 8.8 54.0 25.9 5.5 
KH2PO4 5000 ppm 72.0*** 26.4 9.0 51.3 26.0 5.7 
ZnS04.7H02 500 ppm 83.3 26.5 8.7 65.3*** 25.6 5.7 
ZnS04.7H02 1000 ppm 84.0 27.9** 9.0 62.7** 27.6*** 6.2** 
ZnS04.7H02 2500 ppm 87.3 26.6 8.9 54.0 25.5 5.7 
ZnS04.7H02 5000 ppm 86.7 27.5* 8.9 53.3 26.2 6.4*** 
(NH4)2S04 500 ppm 84.7 28.1** 8.8 63.3** 24.6 5.0* 
(NH4)2S04 1000 ppm 88.0 27.6* 9.6* 52.0 24.1 4.8 
(NH4)2S04 2500 ppm 81.3 29.0*** 9.7** 53.3 25.2 4.9 
(NH4)2S04 5000 ppm 76.0** 28.2 ** 8.8 48.0* 24.3 44*** 
Ca(H2P04)2 500 ppm 82.0 28.2** 9.1 48.0* 25.0 5.1 
Ca(H2P04)2 1000 ppm 86.0 27.7* 8.9 48.7* 274*** 5.2 
Ca(H2P04)2 2500 ppm 89.3* 29.2*** 9.6* 48.7* 25.1 5.2 
Ca(H2P04)2 5000 ppm 83.3 27.6* 9.3 51.6 24.7 5.1 
*, ** and *** Treatment showed significant difference from control after coating at P < 0.05, P < 0.01 
and P < 0.001 respectively, by the LSD test. 
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Table 7. Effects of inorganic nutrients incorporated into a coating treatment on seed 
germination and seedling growth of inbred "WIC 
Treatment Normal 
Seedling % 
Warm Germination 
Shoot Root 
Dry weight (mgVseedling 
Konnal 
Seedling % 
Cold Test 
Shoot Root 
Dry weight (mgVseedling 
Control 70.7 17.2 5.6 64.7 20.0 6.2 
KH1PO4 500 ppm 70.7 17.1 5.8 72.0* 20.5 6.9* 
KH2PO4 1000 ppm 70.7 17.0 6.1 60.0 20.6 6.3 
KH2PO4 2500 ppm 76.0* 17.0 5.8 65.3 20.6 6.7 
KH2PO4 5000 ppm 72.7 16.9 5.9 59.3 20.2 6.0 
ZnS04.7H02 500 ppm 69.3 16.9 6.3* 73.3** 20.4 6.0 
ZnS04.7H02 1000 ppm 82.0*** 17.0 6.5** 68.0 20.2 6.1 
ZnS04.7H02 2500 ppm 72.7 17.4 6.5** 68.0 20.0 6.2 
ZnS04.7H02 5000 ppm 69.3 17.5 6.3* 71.3* 20.5 5.8 
(NH4)2S04 500 ppm 73.3 17.2 5.5 65.3 20.2 5.9 
(NH4)2S04 1000 ppm 73.3 17.3 6.0 62.0 21.0 6.2 
(NH4)2S04 2500 ppm 71.3 17.3 5.5 64.7 20.9 6.9* 
(NH4)2S04 5000 ppm 73.3 16.8 5.9 50.0*** 20.6 5.9 
Ca(H2P04)2 500 ppm 76.0* 16.9 5.9 74.0** 21.4* 6.5 
Ca(H2P04)2 1000 ppm 70.7 17.4 5.8 70.7* 20.8 6.3 
Ca(H2P04)2 2500 ppm 70.7 17.1 5.7 68.7 20.0 5.9 
Ca(H2P04)2 5000 ppm 69.3 17.4 6.0 66.3 20.3 5.6 
*, ** and *** Treatment showed significant difference from control after coating at P<0.05, P<0.01 and 
P <0.001 respectively, by the LSD test. 
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species Brassica juncea and Cajanus cajan, and reduced the production of free radicles as 
well as the accumulation of proline (Alia et al., 1995). 
The other three inorganic salts, KH2PO4, (NH4)2S04, and Ca(H2P04)2, did not show 
the promotive effects exhibited by the zinc sulfate treatment (Table 6 and 7). 
Chemical Applications to Parent Plant 
for Improving Germination and Seedling Growth 
Experiment 3 
Gray and Thomas (1982) suggested that growth regulators, when used alone or in 
combination with odier techniques, could improve the physiological quality of the seeds by 
improving germination characteristics. However, few careful studies on the practical use of 
such techniques to improve seed germination and subsequent plant establishment have been 
made. There are occasional reports of strucmral and behavioral effects of plant growth 
regulators during seed production. In Experiment 3, the effects of growth regulator sprays 
applied to sh2 inbred plants during seed mamration on subsequent germination were 
investigated in 1994, 1995 and 1996. Because an ANOVA revealed a significant year-
treatment interaction, the three years were analyzed independently. 
In 1994, six growth regulators were applied to the parent plants. Most growth 
regulators did not change seed dry weight significantly (Table 8). Two growth regulator 
were found to have a significant positive effect on assimilate accumulation during seed 
filling. Spraying 0.1 PPM BR significantly increased seed weight of both WH9161 and 
WH2, and spraying of 200 PPM flurprimidol significantly increased WH2's seed weight. 
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Table 8. Seed weight of WH9161 and WH2 as affected by chemical application to the parent plant 
in three years trials. 
Treatments 
WH926I 
1994 
WH2 
Seed Weight (mg) 
1995* 
WH9261 WH2 WH9261 
1996 
WH2 
Control 116.8 84.5 125.2 81.5 115.9 93.0 
PP333 50ppm 111.3 ns 86.7 ns 122.4 ns 81.1 ns — — 
PP333 250 ppm 117.4 ns 83.6 ns 125.0 ns 85.6 *** — — 
PP333 500 ppm 114.9 ns 83.9 ns 129.1ns 84.4 ** — — 
B9 500 ppm 106.0** 81.4* 123.8 ns 83.5 * 116.1 ns 94.8 ns 
B9 1000 ppm 113.4 ns 86.3 ns 125.3 ns 84.6 ** 111.3 ns 92.8 ns 
B9 2000 ppm 
-
- 127.1ns 83.8 * 
— 
— 
Fluiprimidol 50 ppm 116.0 ns 85.1 ns 122.6 ns 84.4 ** 116.4 ns 93.6 ns 
Fluiprimidol 100 ppm 114.9 ns 87.1 ns 
-
-- 115.1 ns 94.1 ns 
Flurprimidol 200 ppm 116.6 ns 87.8 * 125.8 ns 82.5 ns — — 
NAA 50 ppm 
- - 125.8 ns 80.0 ns 116.0 ns 92.3 ns 
NAA 100 ppm 
-
- 123.1 ns 80.7 ns 113.4 ns 92.3 ns 
NAA 200 ppm 116.1 ns 85.9 ns 127.9 ns 81.2 ns — — 
NAA 400 ppm 113.6 ns 84.8 ns - -
— — 
GA 100 ppm 115.8 ns 79.8* - - — 
— 
BR 0.01 ppm 
-
- 122.6 ns 81.0 ns — — 
BR 0.1 ppm 125.8 93.3 *** 123.2 ns 82.7 ns — — 
S3307 50 ppm 
-
- 126.8 ns 83.8 * 114.3 ns 93.4 ns 
S3307 100 ppm 
- -
-
- 117.0 ns 94.1 ns 
S3307 200 ppm 
- - 128.0 ns 84.7 ** — -
NAA 50 ppm+B9 1000 ppm 
-
- 128.6 ns 80.5 ns 119.53 ns 95.9 ** 
Tetcyclacis 25 ppm 
-
- 133.0 ** — — — 
* In 1995, fungicide "Tilt" was added in the spraying solution of all treatments (including 
control) to control severe leaf rust disease; 
Ns, *, **, *** Treatment showed no significant and significant difference from control in the sane column at 
P<0.05, P<0.01 and P<0.001 respectively, by the LSD test. 
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On the other hand, two chemical treatments were found to reduce seed weight significantly 
in at least one inbred: 500 PPM B9 in WH9261 and WH2, and 100 PPM GA in WH2. 
The seed quality evaluation revealed that all treatments except BR did not change the 
percentage of normal seedlings significantly in warm germination test (Table 9). Field 
application of BR at 0.1 PPM significantly reduced the seed germination of WH9161 and 
WH2 both in warm germination and the cold test. 
The germination performance of WH9261 in the cold test was affected by growth 
regulator treatments. Three growth retardants, PP333 at 500 PPM, B9 at 1000 PPM and 
flurprimidol at 50 or 100 PPM, significantly increased the normal seedling percentage 
(Table 9). The same treatments did not improve the cold test germination in WH2. 
In the 1995 field trial, two modifications of the spray method were made: the spray 
was applied at 15 and 17 days after full flowering, and the fimgicide "Tilt" was added to 
all growth regulator solutions to control the early occurring common com rust. 
Most retardant treatments, including PP333, B9, flurprimidol, SS3307, and a 
combination of B9 and NAA, slightiy but significantly increased seed weight in WH2 
(Table 8). The same treatments, however, did not increased the seed weight of WH9261. 
Tetcyclacis at 25 PPM was the only treatment which increased the seed weight of 
WH9261 (Table 8). Tetcyclacis is an effective inhibitor of GA biosynthesis like PP333, 
flurprimidol and SS3307. It is also unique in its capacity of blocking the oxidation of ABA 
leading to high levels of this hormone in vivo (Rademacher, 1991). ABA has been 
suggested as an important regulator involved in assimilate accumulation during seed 
development (Dewdney and McWha, 1979; Bewley and Black, 1994), and the seed weight 
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Table 9. Seed germination performance as affected by chemical application to parent plant 
in 1994's trial. 
Normal Seedlings 
Treatments WH92621 WH2 
Warm germination Cold test Warm germination Cold test 
Control 83.7 66.0 73.3 62.7 
PP333 50 ppm 83.7 NS 60.7 NS 73.7 NS 60.7 NS 
PP333 250 ppm 84.0 NS 70.7 NS 75.7 NS 61.7 NS 
PP333 500 ppm 84.7 NS 73.7 * 75.5 NS 62.3 NS 
B9 500 ppm 85.3 NS 72.0 NS 73.0 NS 60.7 NS 
B9 1000 ppm 86.6 NS 76.7 ** 75.7 NS 62.7 NS 
Flurprimidol 50 ppm 85.3 NS 75.0 * 73.7 NS 62.3 NS 
Flurprimidol 100 ppm 88.0 NS 77 7 ** 72.3 NS 61.3 NS 
Flurprimidol 200 ppm 84.3 NS 74.0 * 72.3 NS 66.0 NS 
NAA 200 ppm 85.6 NS 69.5 NS 73.0 NS 67.7 NS 
NAA 400 ppm 87.0 NS 72.0 NS 73.5 NS 64.0 NS 
GA 100 ppm 81.0 NS 63.0 NS 67.0 NS 59.0 NS 
BR 0.1 ppm 74.6 • 54.7 *** 66.0* 45.3 ** 
NS, *, **, and *** Not significant and significant difference from the control in the same 
column at P<0.05, P<0.01 and P<0.001, respectively, by the LSD test. 
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increase induced by tetcyciacis may be related to the potential change in endogenous ABA 
during seed maturation after the treatment. 
All the chemical treatments did not improve germination performance of WH9261 in 
the warm germination or cold test (Table 10). However, the root growth of WH9261 
seedling from the warm germination test were improved by treatments of 500 PPM PP333, 
B9 500 to 2000 PPM and a combination of NAA 50 PPM and B9 100 PPM. WH2 had 
different responses to the regulator treatment. Most growth retardant treatments 
significantly improved seed germination percentages in the warm germination test (Table 
10), while the combination of 50 PPM and 1000 PPM B9 did not increase the warm or cold 
germination percentage of WH2. 
Field emergence tests were conducted in Spring of 1996 to evaluate stand establishment 
performance (Table 11). Treatments of flurprimidol at 50 PPM, SS3307 at 200 PPM, and 
combination of 50 PPM NAA and 1000 PPM B9, produced a higher percentage 
emergence than the control both in WH9261 and WH2, but the difference was not 
significant. The treatment of 200 PPM S3307 on WH2 resulted in 52.3% seedling 
emergence, which was significantly different firom the control (40.7%). 
In the 1996 field trial, the fungicide "Tilt" was not added to the growth regulator 
spray solution because the common leaf rust was not as serious in 1995 during seed 
development and early maturation stage. 
Table 10. Seed germination performance and seedling vigor in 1995. 
WH92621 WH2 
Treatments Honnal 
seedltnxs % 
Warm germination 
Rooc Sbooc 
wehtbt (mR) weixht (ms) 
Cold test 
Nonnal 
seedlinss S 
Warm germination Cold test 
Nonnil Noma! 
seedlittKS seedliass % 
Control 84.0 26.4 8.2 73.0 63.3 64.7 
Control r"' 82.3 ns 25.9 ns 7.4 ns 71.0 NS 60.6 ns 62.7 NS 
PP333 50ppm 85.7 NS 25.1 ns 8.1 ns 72.3 ns 73.0 »• 59.3 ns 
PP333 250 ppm 83.0 ns 26.5 ns 9.5 ns 66.3 ns 74.7 «• 61.7 ns 
PP333 500 ppm 86.7 ns 27.3 ns 10.0 « 72.7 NS 65.3 NS 55.7 NS 
B9 500 ppm 83.0 ns 27.5 ns 10.7 »* 72.0 ns 74.0 *• 68.3 ns 
B9 1000 ppm 88.3 ns 27.4 ns 10.2* 70.7 •* 73.3 •* 65.3 ns 
B9 2000 ppm 81.7 ns 26.1 ns 10.0 * 72.7 NS 72.7 *» 67.0 ns 
Flurprimidol 50 ppm 88.0 ns 26.4 ns 6.6* 71.3 ns 74.6 64.3 ns 
Flurprimidol 200 ppm 82.3 ns 26.3 ns 6.0 70.0 ns 81.7 *»• 64.3 ns 
NAA 50 ppm 82.3 ns 24.1 ns 8.4 ns 66.7 NS 78.3 * 66.3 ns 
NAA 100 ppm 81.7 NS 24.9 ns 7.5 ns 81.7 ns 61.3 ns 61.0 ns 
NAA 200 ppm 82.3 ns 24.6 ns 8.9 ns 72.3 ns 57.7 NS 68.0 ns 
S3307 50 ppm 89.0 ns 26.0 ns 8.0 ns 73.7 ns 69.7 NS 69.3 ns 
S3307 200 ppm 89.7 ns 26.6 ns 7.9 ns 82.3 ns 66.3 NS 68.7 NS 
NAA50 ppm+ B91000 ppm 88.8 » 26.3 ns 9.9* 82.7 NS 81.7 **• 75.0 * 
Tetcyclaccis 25 ppm 82.7 NS 27.0 ns 9.6 ns 72.0 ns — 
— 
LSD 0.05 6.18 2.37 1.56 10.91 6.43 8.53 
LSD 0.01 8.27 3.17 2.09 14.62 8.62 11.43 
LSD 0.001 10.88 4.18 2.75 19.23 11.36 15.06 
+ Control 1 was sprayed with fiingicide "Tilt" only; 
+ + Control 2 was sprayed with water only. 
NS, *, **, and •** Not significant and significant difference from the control 1 in the same column at 
P<0.05, P<0.01 and P<0.001, respectively, by the LSD test. 
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Table 11. Field emergence as effected by treatments in 1995. 
Treatments 
Seedling Emergence % 
WH9261 WH2 
Control 68.0 40.7 
B9 500 PPM — 44.7 NS 
B9 lOOO PPM 56.7 NS — 
B9 2000 PPM 67.0 NS — 
Flurprimidol 50 PPM 78.0 NS 49.0 NS 
Flurprimidol 200 PPM — — 
NAA 50 PPM 62.7 NS 44.7 NS 
NAA 100 PPM — 37.7 NS 
NAA 200 PPM 61.0 NS 37.3 NS 
S3307 50 PPM — 37.0 NS 
S3307 200 PPM 75.7 NS 52.3 * 
NAA50 PPM+ B91000 PPM 73.0 NS 48.3 NS 
LSD 0.05 14.27 10.58 
LSD 0.01 19.67 14.38 
LSD 0.001 27.03 19.35 
+ Emerged seedling was counted 30 days after planting, and the planting date was 15 May, 1996. 
+ + Control was sprayed with fimgicide "Tilt" only; 
NS, *, **, and *** Not significant and significant difference from the control in the same column at P<0.05, 
P<0.01 and P<0.001, respectively, by the LSD test. 
Application of the four growth regulators individually, flurprimidol, S3307, B9 and 
NAA, did not change seed weight of WH9261 or WH2 significantly. Only the combination 
of 50 PPM NAA and 1000 PPM B9 slightly but significantly increased WH2 seed weight 
(Table 8). 
Three treatments, flurprimidol at 50 or 100 PPM, or the combination of 50 PPM NAA 
and 1000 PPM B9 significantly increased WH9261 cold test germination test by more than 
10% (Table 12). The same treatments did not increase WH2's cold test germination 
significantly. The growth retardant application had the potential to improve the root system 
growth of WH9261 seedling in the cold test, and nearly all treatments had higher root dry 
weight than the control in WH9261 and WH2 (Table 13), and 200 PPM fluprimidol or 100 
PPM SS3307 significantly enhanced root growth in WH9261. Combined application of 50 
PPM NAA and 1000 PPM B9 increased root growth of WH9261 by more than 30% over 
the control in the cold test. For WH2, only the combined treatment of 50 PPM NAA and 
1000 PPM B9 increased the shoot and root growth in the warm germination test. 
The attraction of assimilates into fruits and seeds by promotive hormones is a well-
recognized phenomenon but it has been suggested that ABA might also serve a similar 
function in cereals (Radley, 1976). In confirmation, Dewdney and McWha (1979) observed 
that when ABA was injected into wheat grains the movement of assimilates from the flag 
leaf to the ear was increased. It has been noticed that foliar application of plant growth 
retardants during seed maturation can effect assimilate accumulation in cereal crops 
(Trehame et al., 1986). The seed weight increases associated with the growth retardant 
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Table 12. Seed germination performance as affected by chemical application to the 
parent plant in 1996. 
Normal Seedlings 
Treatments WH92621 WH2 
Warm germination Cold test Warm germination Cold test 
Control 80.7 62.7 54.0 57.3 
B9 500 ppm 83.0 NS 65.7 NS 56.3 NS 55.0 NS 
B9 1000 ppm 80.3 NS 64.3 NS 54.6 NS 61.0 NS 
Flmprimidol 50 ppm 83.0 NS 75.0* 58.7 NS 61.0 NS 
Flurprimidol 200 ppm 86.3 NS 77.3 * 58.3 NS 62.7 NS 
NAA 50 ppm 77.0 NS 70.3 NS 54.7 NS 55.0 NS 
NAA 100 ppm 84.7 NS 71.0 NS 59.0 NS 54.7 NS 
S3307 50 ppm 80.7 NS 64.0 NS 60.7 NS 61.0 NS 
S3307 100 ppm 82.7 NS 70.7 NS 57.7 NS 64.0 NS 
NAA 50 ppm+B9 1000 ppm 85.3 NS 77.3 * 57.0 NS 62.3 NS 
NS, *, **, and *** Not significant and significant difference firom the control in the same 
column at P<0.05, P<0.01 and P<0.001, respectively, by the LSD test. 
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Table 13. Seedling vigor as affected by chemical application to parent plant in 1996. 
Treatments 
Control 
Seedling Vigor 
WH92621 
Warm germination Cold test 
WH2 
Warm germination Cold test 
Shoot Wt. Root Wt. Shoot Wt. Root Wt. Shoot Wl Root Wt. Shoot Wt. Root Wt. 
23.5 7.9 31.0 
mg seedling ' 
8.4 22.8 7.1 25.0 7.8 
B9 500 ppm 26.5 NS 8.3 NS 34.3 NS 9.2 NS 23.6 NS 7.1 NS 26.7 NS 8.9 NS 
B9 1000 ppm 27.4 NS 6.9 NS 31.5 NS 8.9 NS 24.0 NS 7.2 NS 26.8 NS 9.0 NS 
Flurprimidol 50ppm 22.0 NS 7.4 NS 32.0 NS 9.3 NS 21.4 NS 7.3 NS 25.9 NS 9.1 NS 
Flurprimidol 200ppm 22.4 NS 8.4 NS 32.3 NS 9.9** 21.1NS 7.3 NS 23.8 NS 8.7 NS 
NAA 50 ppm 20.5 NS 6.3 NS 28.1NS 9.0 NS 23.1 NS 7.4 NS 24.5 NS 8.4 NS 
NAA 100 ppm 
S3307 50 ppm 
S3307 100 ppm 
21.6 NS 7.3 NS 31.5 NS 9.1 NS 20.4 NS 7.5 NS 24.1 NS 8.9 NS 
26.5 NS 8.9 NS 28.1NS 8.6 NS 22.6 NS 7.3 NS 24.9 NS 7.8 NS 
27.4 NS 9.0 NS 32.4 NS 9.6* 24.5 NS 7.8 NS 25.4 NS 8.1 NS 
NAA 50 ppm 
+B9 1000 ppm 
23.2 NS 7.2 NS 34.1NS 11.3»*» 26.1» 9.0 »* 27.6 NS 8.4 NS 
NS, *, **, and *** Not significant and significant difference from the control in the same 
column at P< 0.05, P<0.01 and P< 0.001, respectively, by the LSD test. 
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application may be mediated via in vivo ABA changes. 
In this experiment, growth retardants slightly increased the seed weight in specific 
treatments. The actual response in seed weight seemed associated with the following 
factors: firstly, different genotypes of 5h2 sweet com differed in the response to growth 
regulator treatment, WH2 was more sensitive than WH9261. Secondly, common leaf rust 
always occurred especially late in the seed maturation stage, and use of the fimgicide 
"Tilt" in 1995 seemed to enhance the response of seed parental plant to foliar application 
of growth retardants (Table 8). Thirdly, the enviromental conditions and parental plant 
growth status may effect the results. Control seed weight of WH2 in 1996 was about 10 mg 
higher than the seed harvested in 1994 and 1995, and application of regulators did not 
fiirther increase die seed weight. Lastly, the timing of plant growth regulator for sh2 sweet 
com should be earlier tiian that suggested for other cereal seeds (Treharae et al., 1986) 
because sh2 parental plant aged rapidly during seed maturation (Russo and Pappelis, 1994). 
Since this is the first research reporting the use of PGR to improve seed quality of sh2 
sweet com, fiirther study should consider the quantitative infomiation concerning 
effectiveness of uptake, penetration, transport and metabolism of the "active ingredient" to 
judge physiological response of sh2 seeds. Practical treatments of PGR have been smdied 
mainly in relation to seed yield and relatively few investigations have dealt with the size 
and subsequent performance of the seed. Nevertheless, increases in seed size, vigor or 
germination have been reported following application of NAA to wild oat (Hurtt et al., 
1975), GA to rice (Mukherjee and Prabhakar, 1980), B9 to red clover (Hulewicz et al., 
1975), various growth regulators to Lactuca scariola (Gutteraian et al., 1975), and 
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combination of GA and B9 or ethephon to celery (Gray and Thomas, 1982). The above 
mentioned regulators may have different modes of action for improving seed germination 
following application depending on the type of regulator and the genotype. 
In this experiment, two growth promotive regulators, GAj and BR decreased seed 
germination in WH9261 and WH2 in the 1995 field trials. GA3 was reported to reduce 
hybrid rice seed germinability when it was applied to the maternal plants (Duan and Ma, 
1992a). The GAj-induced germination reduction in hybrid rice was related to the early 
occurrence of germinative events before seed harvest (Duan et al., 1992b; Duan et al, 
1992c). GAj may generate similar responses in sh2 sweet com. On the other hand, several 
plant growth retardants, including PP333, B9, fluriprimidol, increased seed germination of 
WH2 in 1995 and subsequent seedlmg growth, especially root development, of WH9261 
in 1995 and 1996. The growth promoting mechanism involved is not known, one 
possibility is that the application of growth retardants may facilitate the maturation process 
of the sh2 genotype which might have been impaired by sh2 related high moisture and 
sucrose content during seed development stages. 
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CEEAPTER 4. GENERAL CONCLUSIONS 
The results of this study indicate that the endosperm mutant gene sh2 not only reduces 
endosperm reserve accumulation, but also significantly retards embryo development, 
resulting in a smaller embryo after maturation. During the seed development and 
mamration stage, seeds of Ia453 sh2 and Ia5125 sh2 acquire the same germinability at least 
10 days later than su and dent com seeds. Ehiring the late maturation stage, the 
germinability of sh2 seeds tended to decline but su and field com inbred seeds remained 
unchanged. Microscopic observations indicate that sh2 seed exhibit reduced starch grain 
deposition in scutellar and axis tissue. Because it is documented that the sh2 gene is only 
expressed in endosperm, the adverse effects of sh2 on embryo development may result 
from the complex interactions between endosperm and embryo during seed development. 
During late seed maturation stages (DAP 50-60), embryos of all sh2 inbred seeds 
continue to accumulate reserves at a significant level while seeds of the su lines and dent 
com inbreds have virtually completed import of reserves into embryo. A consequence of 
this unique feature for sh2 seed quality is that the early harvest of sh2 inbred seeds, a 
common practice in the seed industry to reduce the insect- and disease-infection, and pre-
harvest sprouting, actually has the tendency to prevent the embryo from reaching its 
maximum vigor. A future seed harvest study should consider how to satisfy the 
requirements of embryo development while minimizing damage from insect, pathogens and 
field weathering. 
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Pol3nner film coating is being applied to commercial sweet com seeds as an effective 
delivery system for fungicides and insecticides. This study revealed the potential for 
incorporation of "growth additives" into the coatings to further improve seed germination 
and seedling growth under cold germination conditions. Seeds of the sh2 inbred WH9261 
and WH2 exhibited a positive response to 0.1 ppm of the growth regulator BR and to 500 
ppm ZnS04.7H20 when the chemicals were delivered in the inert polymer binder PVP. The 
cold test germination percentage of WH9261 and WH2 was increased by about 10% or 
more by the treatment of seed with BR or zinc sulfate. Understanding of the mechanisms 
of how BR or zinc sulfate enhances sh2 germination performance in the cold test requires 
further research. Another growth regulator GAj, when added as a coating, stimulated shoot 
elongation of the sh2 seedlings. However, high levels of GAj caused unique problems for 
sh2 seed: inducing reduced germination percentages of sh2 genotypes but not su or dent 
com seeds. The sh2 sensitivity to high levels of GAj may provide an indication of the 
metabolic basis for the poor seed and seedling vigor associated with the sh2 mutant. 
The results of three years of field trials showed that the response of seed germination 
and subsequent seedling growth to a specific chemical applied to sh2 parent plant is very 
complex. Application of the growth regulator epiBR in 1994 increased WH926rs and 
WH2's seed weight by 1.1% and 9.4% respectively, and the germination percentage of the 
two inbreds was reduced significantly. Application of certain growth retardants, including 
flurprimidol, SS3307, or a combination of NAA and B9, to the parent plant during seed 
maturation had the tendency to increase sh2 seed weight, and in some treatments produced 
a significant response. Furthermore, application of these growth retardants has shown the 
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potential to improve seed and seedling vigor especially for WH2. However, the actual 
physiological response of sh2 seed seems dependent on a number of factors, including 
genotype, "plant physiological status", fungicide efficiency, application dosage and 
timing, and field conditions during seed development and maturation. 
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APPENDIX 
Table A-1. Analysis of variance for seed weight of WH9261 in Experiment 3 
Sources df ss Mean square F 
Blocks 2 8.67 4.33 
Treatments 8 402.67 50.33 0.38 
Year 2 20.52 10.26 4.39** 
Chemical 2 14.74 7.33 0.90 
Year x Chemical 4 367.41 91.85 0.64 
Error 16 183.33 11.46 
Total 26 594.67 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
Table A-2. Analysis of variance for seed weight of WH2 in Experiment 3 
Sources df SS Mean square F 
Blocks 2 1.67 0.81 
Treatments 8 692.15 86.52 61.51*** 
Year 2 650.14 325.07 231.59*** 
Chemical 2 9.90 4.95 3.52 
Year x Chemical 4 32.12 8.03 5.71* 
Error 16 22.51 1.41 
Total 26 716.28 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
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Table A-3. Analysis of variance for the warm germination of WH9261 in Experiment 3 
Sources df SS Mean square F 
Blocks 2 14.52 7.26 
Treatments 8 106.96 13.37 0.66 
Year 2 20.52 10.26 0.51 
Chemical 2 14.74 7.37 0.37 
Year x Chemical 4 71.70 17.93 0.89 
Error 16 322.15 20.13 
Total 26 443.63 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
Table A-4. Analysis of variance for the cold test of WH9261 in Experiment 3 
Sources df SS Mean square F 
Blocks 2 35.63 17.81 
Treatments 8 864.30 108.04 5.85"* 
Year 2 20.52 10.26 0.56 
Chemical 2 14.74 7.37 0.40 
Year x Chemical 4 829.01 207.26 11.21*" 
Error 16 295.70 18.48 
Total 26 1195.63 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
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Table A-5. Analysis of variance for the warm germination of WH2 in Experiment 3 
Sources df ss Mean square F 
Blocks 2 22.22 11.11 0.60 
Treatments 8 2304.67 288.08 15.48*^ 
Year 2 20.52 10.26 0.55 
Chemical 2 14.74 7.37 0.40 
Year x Chemical 4 2269.41 567.35 30.48*** 
Error 16 297.78 18.61 
Total 26 2624.67 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
Table A-6. Analysis of variance for the cold test of WH2 in Experiment 3 
Sources df SS Mean square F 
Blocks 2 8.67 4.33 
Treatments 8 402.67 50.33 4.39** 
Year 2 20.52 10.26 0.90 
Chemical 2 14.74 7.37 0.64 
Year x Chemical 4 367.41 91.85 8.02*** 
Error 16 183.33 11.46 
Total 26 594.67 
Treatments: year -1994, 1995, and 1996; chemical - B9 500 PPM, flurprimidol 50 PPM, and untreated 
check. 
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Table A-7. Conductivity of different solute solutions measured by G-2(XX) analyzer 
gQjjjjg Conductivity (fi Siemens) 
100 mM 1.00% (w/v) 
Glycine 6.44 ± 0.53 9.66 ± 0.51 
Glutamate 462.15 ± 22.99 312.60 ±37.95 
Sucrose 8.11 ± 0.50 3.72 ± 0.97 
Glucose 0.52 ± 0.44 0.44 ± 0.32 
Citrate 6614.23 ± 476.81 3635.38 ± 515.66 
Malate 1352.99 ± 68.34 1158.64 ± 100.91 
Ascorbate 1980.58 ± 271.66 2511.14 ± 183.61 
ZnS04 2715.48 ± 222.01 2044.40 ± 176.68 
NaCl 3585.67 ± 271.66 4987.26 ± 117.68 
KH2PO4 3600.81 ± 195.64 3078.33 ± 190.50 
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